. Most likely, all of these mutants are impaired in the uptake of the antibiotic. To enhance our understanding of the mechanism of action of MccJ25, in the present work we looked for mutants affected in the target of the antibiotic. Selection of this class of mutant was complicated by the high frequency with which mutants resistant to exogenous MccJ25 (fhuA, tonB, exbB, and sbmA) arise. However, we succeeded in isolating a novel class of MccJ25-resistant mutant. Genetic tests demonstrated that the mutation was located in rpoC, the gene encoding the ␤Ј subunit of E. coli RNA polymerase (RNAP). The mutation in this strain was cloned by in vivo recombination into an rpoC ϩ plasmid. The presence of the recombinant plasmid conferred complete resistance to otherwise sensitive strains. Nucleotide sequence analysis of the plasmid-borne, mutant rpoC gene showed that the mutational change involved an evolutionarily conserved residue of the protein. These results, along with the observation that MccJ25 inhibits in vivo and in vitro RNA synthesis, provide convincing evidence that RNA polymerase is the target for MccJ25 action.
MATERIALS AND METHODS
Bacterial strains and plasmids. The bacterial strains, all E. coli K-12 derivatives, and plasmids used in this study are listed in Table 1 .
Plasmids pDJJ11 and pDJJ12 have been described (14) . pDJJ11 is a pBR322 derivative carrying the rplJL and rpoB genes driven by the strong rplJ promoter. pDJJ12 carries, in addition, the rpoC gene. These plasmids and the pDJJ12 deletion derivative constructed in this work are depicted in Fig. 1 .
Media and growth conditions. The standard Luria-Bertani (LB) broth and M9 minimal medium have been previously described (19) . M9 medium was supplemented with glucose (0.2%) and thiamine (1 g/ml). Solid media contained 1.5% agar. Antibiotics were added at the following concentrations: ampicillin, 50 g/ml; tetracycline, 15 g/ml; kanamycin, 50 g/ml; and rifampin, 100 g/ml. Liquid cultures were grown with aeration by gyrotory shaking. Growth was monitored by measuring the optical density at 600 nm (OD 600 ). All cultures were incubated at 37°C.
MccJ25 sensitivity test. For a reliable comparison of the sensitivities of different strains, we used a spot-on-lawn test for determining the MIC of MccJ25 for each strain, as follows. MccJ25 was purified as previously described (3) . Doubling dilutions of the pure microcin preparation (1 mg/ml) were spotted (10 l) onto LB plates and dried. Aliquots (50 l) of cultures to be tested for sensitivity, in stationary phase, were mixed with 3 ml of top agar (0.7% agar) and overlaid onto the plates. After overnight incubation, the plates were examined for different degrees of inhibition; the higher the last dilution which produced a spot, the more sensitive the strain tested.
Genetic methods. Phage P1 vir was used for routine transduction of genetic markers (19) . Spontaneous (rifampin-resistant) Rif r mutants were isolated by plating 2 ϫ 10 8 to 5 ϫ 10 8 stationary-phase cells on LB plates containing rifampin, which were then incubated for 24 h.
Transposon Tn5 insertion mutagenesis of the rpoC gene was done as follows. Plasmid pDJJ12 was transformed into a Tn5 donor strain harboring a chromosomal copy of the transposon, selecting for ampicillin resistance (Ap r ). One transformant was grown overnight in LB medium supplemented with ampicillin and kanamycin, and a 0.2-ml sample of the culture was plated on LB medium containing neomycin at 300 g/ml to favor the growth of cells carrying plasmids with transposon insertions. After incubation for 48 h, plasmid DNA was isolated from the pool of colonies and used to transform SBG231recA cells. The mixture was plated on LB medium containing ampicillin and MccJ25, selecting for Ap r
MccJ25
r clones. The rationale of this selection was that cells that had received plasmids in which the gene complementing the mutation had been inactivated by Tn5 insertion should retain the microcin-resistant phenotype and, consequently, would be able to grow on the MccJ25-containing medium. Plasmid DNA was extracted from four resistant derivatives and physically analyzed to locate the insertions.
DNA manipulations and nucleotide sequencing. Plasmid DNA was isolated with the Wizard miniprep DNA purification system (Promega). Digestions with restriction endonucleases, ligation with T4 DNA ligase, transformation of competent cells by the CaCl 2 procedure, and agarose gel electrophoresis were done as described previously (25) .
Automated DNA sequencing was carried out by dideoxy termination using primer walking. Nucleotide sequences of rpoC alleles were compared to that of GenBank using the online BLAST Network Service at the National Center for Biotechnology Information, National Institutes of Health, Bethesda, Md.
Incorporation of labeled leucine and uridine into macromolecules. The MccJ25-sensitive strain AB259 and its resistant derivative SBG231 were grown in M9-glucose (10 ml) to early exponential phase (OD 600 ϭ 0.2 to 0.3), and each culture was split into two 5-ml portions. One of them received MccJ25 at a final concentration of 0.8 M, and the other served as a control. The concentration of MccJ25 used is sufficient to induce extensive cell filamentation. After a 15-min preincubation, 15 g of leucine per ml and 0.1 Ci of [ 3 H]leucine were added to the four cultures. At the times indicated, portions of 0.5 ml were removed from the flasks, mixed with 1.5 ml of 5% cold trichloroacetic acid (TCA), chilled on ice for 1 h, and then boiled for 15 min. Each sample was filtered through a Millipore HAWP02500 filter and washed with 10 ml of cold TCA. The radioactivity retained on the dried filters was estimated in a Beckman LS-1801 liquid scintillation counter. Triplicate samples were taken at each time point.
Determination of RNA synthesis in microcin-treated AB259 and SBG231 cells was done in a similar way, except that 15 g of uridine per ml and 0.1 Ci of [ 3 H]uridine were added to the cells and the heating step before filtration was omitted. The reaction was initiated by the addition of 1.5 U of purified E. coli RNA polymerase holoenzyme (Pharmacia) and allowed to proceed at 37°C for 15 min before precipitation with 1 ml of cold 10% TCA. After 1 h of incubation on ice, the precipitates were collected on glass fiber filters (Millipore type APFC), washed with 10 ml of cold 10% TCA, and dried, and the radioactivity retained on the filters was estimated in a Beckman LS-1801 liquid scintillation counter. Results are the averages of triplicate assays.
RESULTS

Isolation of a novel MccJ25-resistant mutant. For the isolation of MccJ25
r mutants, 100 l of an overnight culture of E. coli AB259 was plated onto LB agar containing MccJ25 as selective agent. Fifty microcin-insensitive colonies were picked up, purified, and retested for the microcin-resistant phenotype. As expected, most of the clones isolated belonged to the already known classes of resistant mutants (i.e., sbmA, tonB, exbB, and fhuA) (22, 24) . However, one of them showed a distinct phenotype, since the mutation was not complemented by plasmids bearing the wild-type sbmA, tonB, exbB, or fhuA genes. Therefore, the strain represented a new type of mutant and was designated SBG231. The mutation carried by SBG231 was provisionally named sjmA1 (sensitivity to J25 microcin, locus A).
Physiological characterization of the mutant. The growth rates of wild-type AB259 and the isogenic MccJ25 r mutant strain SBG231 were measured in LB medium. SBG231 grew at a rate that was indistinguishable from that of the parent strain and showed no morphological defect. The degree of resistance to exogenous MccJ25 conferred by the mutation was estimated as described in Materials and Methods. The mutant SBG231 was fully resistant against MccJ25 at the highest concentration available (10 3 g/ml), whereas for the parent strain AB259 the MIC was 16 g/ml. We then tried to increase the amount of FhuA, the outer membrane receptor of MccJ25, to see whether an enhanced MccJ25 entry led to such a high intracellular microcin concentration that the resistance conferred by the mutation could be overcome. Overproduction of FhuA can be induced by transformation of E. coli cells with plasmids carrying the fhuA gene (6, 8) . Strains AB259 and SBG231 were transformed with plasmid pGC01 (fhuA ϩ ). The sensitivity of the wild-type AB259 carrying the plasmid was increased 16-fold (MIC, 1 g/ml), whereas SBG231 (pGC01) still remained insensitive to the antibiotic at 10 3 g/ml. Thus, mutant cells expressed a very high level of microcin resistance.
The sjmA1 mutation affects an intracellular MccJ25 target. We presumed that SBG231 carried a microcin target mutation and reasoned that such a mutation should overcome the inhibitory effect of endogenous MccJ25 in the absence of the immunity gene mcjD. To confirm this hypothesis, we used plasmid pTUC347 (30), a pUC18 derivative containing the entire MccJ25 genetic system but which has a deletion that removes the 117 amino acid residues of the C end of the immunity protein McjD, including the highly conserved Walker's motif B, which is essential for function of the exporter. The deletion does not affect the mcjABC microcin synthesis genes. Because of the lack of immunity, this construct is lethal to nonimmune host cells and must be maintained in cells harboring pJS200 (29), a pACYC184-based compatible plasmid which provides an intact immunity gene in trans. The mutant SBG231 was transformed with a plasmid preparation containing both pTUC347 (Ap r ) and pJS200 (tetracycline resistant [Tc r ]), selecting only for ampicillin resistance. Several clones harboring only pTUC347 were obtained. These transformants grew normally, indicating that the mutation overcame the inhibitory effect of endogenously produced microcin and suggesting that it could be indeed a target mutation.
Genetic mapping of the sjmA1 mutation. To determine the approximate map location of the mutation, we used a set of Hfrs containing Tn10 insertions at known positions 20 to 30 min from the origin of transfer. The strategy was to mate the Hfrs to our mutant and to score the Tc r exconjugants for loss of the microcin-resistant phenotype. These experiments indicated that the altered gene was located somewhere between min 88 and 92 on the chromosome. More precise mapping of the mutation was accomplished by a series of two-factor crosses mediated by P1. Bacteriophage P1 propagated on SBG231 was used to transduce strains 342 (metB1) and AB1133 (argE) to MetB ϩ and Arg ϩ , respectively, and the transductants were examined for microcin resistance. We found that sjmA1 was linked to both metB (13% cotransduction) and argE (38% cotransduction), which lie at 89 and 89.5 min, respectively, on the E. coli genetic map. These results located the mutation at 90 min and showed that it was tightly linked to rpoB, the gene encoding the ␤ subunit of RNAP. To determine the relative order of these markers, we first isolated spontaneous Rif r mutants of SBG231 as indicated in Materials and Methods. One of these mutants, designated SBG232 (Arg ϩ MccJ25 r Rif r ), was purified and used as donor in a P1-mediated three-point cross with strain AB1133 (Arg
Ϫ
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s Rif s ) as the recipient. The results, which are presented in Table 2 , indicated that the sjmA1 allele mapped very close to and downstream of rpoB, being 90.4% cotransducible with Rif r , and that the relative sequence in clockwise orientation was argE-rpoB-sjmA1.
It is of note that in the course of the mapping procedures the Complementation tests show that the sjmA1 mutation is an rpoC allele. The linkage of sjmA1 and Rif r suggested that sjmA1 may be in the rpoC gene, encoding the ␤Ј subunit of RNAP, although the possibility that rpoB was affected could not be dismissed. These possibilities were examined by complementation tests. First, we constructed a recA derivative of SBG231 by P1 transduction, using a recA srl::Tn10 strain (CSH126) as the donor. SBG231recA cells were then transformed with plasmid pDJJ12, which carries a chromosomal fragment including the rpoB, rpoC, rplJ, and rplL genes (the two latter coding for ribosomal proteins L10 and L12, respectively) (Fig. 1) . The recA mutation prevented marker rescue by recombination between plasmid and chromosomal DNA. Transformation of the plasmid into sjmA cells fully reversed the microcin resistance phenotype (i.e., cells became completely sensitive to the antibiotic). In contrast, plasmid pDJJ11, which carries the rpoB, rplJ, and rplL genes, but not rpoC, did not correct the mutant phenotype when transformed into SBG231, indicating that complementation of the mutation by pDJJ12 was not due to the ␤ subunit of RNAP or to the rplJ and rplL gene products. These results suggested that the mutation could be located in rpoC. To further test this possibility, we disrupted the rpoC gene of pDJJ12 by deleting two BglII fragments which comprise the C-terminal two-thirds of the gene (Fig. 1) . The deletion derivative, pDJJ12⌬BglII, no longer complemented the chromosomal sjmA1 mutation in SBG231 (i.e., the cells remained resistant to MccJ25). Plasmid pDJJ12 was further manipulated by insertion of Tn5, as indicated in Materials and Methods. In all cases, Tn5 insertions eliminating the complementing capacity of pDJJ12 mapped within the rpoC gene. This finding lends further support to the assumption that the sjmA1 mutation carried by strain SBG231 is an rpoC allele. However, it is worth remarking that plasmid pDJJ12 also carries a small open reading frame of 120 amino acid equivalents located immediately downstream of rpoC (Fig.  1) , and the deletion in pDJJ12⌬BglII that suppresses the complementing ability of pDJJ12 also eliminates this open reading frame (Fig. 1) . Thus, the question arose as to whether it was this gene, and not rpoC, which complemented the mutation. Based on codon usage analysis, this sequence was first proposed to be not highly expressed, or not expressed at all, in vivo (31). However, Raina and Georgopoulos (20) demonstrated that this gene, which they called htrC, encodes a heat shock protein which is dispensable for growth at 30°C but is essential at temperatures above 42°C. Null mutations in the htrC gene lead to extensive filamentation at temperatures between 37 and 42°C. Thus, the htrC gene product seems to play an important role in cell division at a stage prior to septum initiation. Since the most conspicuous effect of MccJ25 is a perturbation of cell division (21), we suspected that the htrC product could be a candidate for being the target of the antibiotic and that it could be altered in the resistant mutant. To test this possibility, a 1.1-kb PstI-BglII fragment from pDJJ12 containing the wildtype htrC gene (20) (Fig. 1) was subcloned into pGEM-4Z (Promega). Introduction of the resulting recombinant plasmid into SBG231 did not complement the chromosomal mutation, suggesting that the htrC gene was not involved. This result, taken together with those from the complementation analysis and deletion-insertion mutagenesis, strongly indicated that the sjmA1 mutation was in the rpoC gene.
Introduction of the sjmA1 mutation onto rpoB ؉ rpoC ؉ plasmid pDJJ12. The sjmA1 mutation was genetically crossed on to rpoB ϩ rpoC ϩ plasmid pDJJ12, as follows. The microcin-resistant mutant SBG231 was transformed with pDJJ12, and transformants were selected on LB-ampicillin plates. One of these transformants (which, as expected, had become microcin sensitive) was grown in LB medium for about 20 generations (three serial overnight cultures started by 1:100 dilution of the preceding culture) in the presence of ampicillin to maintain the plasmid. This allowed the plasmid-borne rpoC genes to recombine with the chromosomal mutant allele, thereby acquiring the MccJ25 r locus from the chromosome, and the subsequent multiplication of the recombinant plasmids in the cells. A 0.1-ml portion of the last culture was spread onto LB agar containing ampicillin and MccJ25. The rationale for such a selection was that colonies in which a substantial fraction of the plasmid population had acquired the MccJ25 r allele could become MccJ25 r . Plasmid DNA was prepared from the pool of colonies and used to retransform strain SBG231, selecting for resistance to ampicillin (Ap r ). Two of ten transformants screened expressed resistance to MccJ25, indicating that they harbored mutant plasmids which were unable to complement the chromosomal MccJ25 r mutation. Plasmid DNAs were isolated from these clones and introduced into the microcinsensitive strain DH5␣. Both plasmids conferred a MccJ25 r phenotype. This result confirmed the presence of the sjmA1 mutation in the plasmids and the transdominance of the mutant allele when present in a high number of copies. One of these recombinant plasmids, designated pMADC2, was selected for further study. Restriction endonuclease analysis revealed the same fragment pattern as that of its wild-type counterpart pDJJ12. When introduced into several sensitive E. coli strains, pMADC2 rendered them fully resistant to the microcin, resulting in tolerances to concentrations of the antibiotic of as high as 1 mg/ml. To verify that the mutation isolated in pMADC2 was in rpoC, we made a BglII deletion which, as noted above, removes most of rpoC, while leaving rpoB intact. The deletion destroyed the ability of the plasmid to confer the mutant phenotype, showing that the mutation was indeed located in rpoC.
Nucleotide sequencing of the mutant rpoC allele. To identify the putative alteration in rpoC, this gene was entirely se-quenced in the mutated plasmid pMADC2 and the parental pDJJ12. We also sequenced the htrC gene in pMADC2 and found no change with respect to the published sequence (31), providing definitive evidence that this gene was not involved in the MccJ25 r phenotype. Comparison of the rpoC sequences revealed a single nucleotide difference between pDJJ12 and the mutant plasmid. The latter had an ATC at codon position 931, while pDJJ12 had an ACC at that position, as does the published sequence in the current databases. This C-to-T transition would give rise to a substitution of isoleucine for threonine at amino acid residue 931 of the ␤Ј subunit. We renamed the MccJ25 r mutation rpoC931 and henceforth will refer to it by that name.
Alignment of prokaryotic and eukaryotic RNAP sequences has defined segments of substantial sequence conservation (1, 33) , termed homology regions (15) , which may represent domains with conserved functions. For the ␤Ј subunit of prokaryotic RNAP, eight segments with a particularly high degree of conservation have been designated A through H (Fig. 2) . The mutant described here exhibits a change in segment G (Fig. 2) .
Effect of MccJ25 on the in vivo incorporation of labeled uridine and leucine on RNA and proteins. We treated exponentially growing cells of SBG231 (MccJ25 r ) and its parent AB259 with 0.8 M microcin and measured RNA and protein syntheses as described in Materials and Methods. RNA accumulation (as measured by determining the incorporation of [ 3 H]uridine into acid-insoluble material) in strain AB259 was reduced by 50% after a 30-min treatment (Fig. 3) . Under these conditions, the mutant SBG231 continued to accumulate RNA to a level comparable with the parent strain (Fig. 3) . Thus, the mutation prevented the inhibition of RNA synthesis by MccJ25. As shown in Fig. 4 , overall protein synthesis (as measured by the incorporation of [ 3 H]leucine) was not significantly affected by the antibiotic within the same time frame.
Effect of MccJ25 on in vitro transcription. We studied the influence of MccJ25 on the activity of purified RNAP in vitro. As shown in Fig. 5 , in vitro RNA synthesis was inhibited by MccJ25, and this inhibition was dose dependent. Total RNA accumulation was diminished by 2 M MccJ25 to 50% of that of the control without the antibiotic. This result pointed to a direct action of MccJ25 on RNAP.
DISCUSSION
In this report, a mutation causing resistance to both exogenous and endogenous MccJ25 was isolated. Transduction experiments and complementation analyses indicated that the mutation maps within rpoC, the gene encoding the ␤Ј subunit of E. coli RNAP. The chromosomal mutation was cloned by in vivo recombination into an rpoC ϩ plasmid. Nucleotide sequencing of the mutant, plasmid-borne rpoC gene revealed only a ACC-to-ATC change at codon 931. The C3T transition would result in the replacement of threonine at position 931 by isoleucine. The mutation, designated rpoC931, lies in homology block G, the seventh of eight stretches of amino acids which share extensive sequence similarity with ␤Ј homologues from eubacteria, archaea, and eukaryotes (1, 15, 33) . Notably, the residue affected is conserved in all prokaryotic and eukaryotic homologues examined (Fig. 2) , suggesting that it plays an important role in RNAP function. There is good evidence (Fig. 2) where the cross-link between RNAP and 8-azido AMP present at the 3Ј end of the nascent RNA was mapped (4). The target amino acid identified in the current study lies in close proximity to this conserved sequence stretch (Fig. 2) . Other findings implicate segment G directly in transcript elongation, transcriptional arrest, and transcript cleavage (17, 18, 34, 35) . Interestingly, the location and nature of rpoC931 correspond exactly to the rpb1-502 mutation isolated by Hekmatpanah and Young (12) in the Saccharomyces cerevisiae RNAP II large-subunit gene RPB1. The rpb1-502 mutation affects the accuracy of mRNA start site selection by producing a small but detectable increase in the 5Ј-end heterogeneity of transcripts. It is unlikely that our mutation exerts the same effect, since in E. coli the site of transcription initiation is fixed by the interaction of the subunit of RNAP with conserved promoter sequences and the purine nucleoside triphosphate preference of the active site of the enzyme. The rpoC931 alteration occurred immediately adjacent to a cluster of substitutions affecting residues 933, 934, and 936 in region G that alter the termination and elongation properties of RNAP (34) . All of these changes are recessive lethal. Despite its close proximity to these sites, rpoC931 does not have major effects on RNAP function in vivo, since the mutant derivative SBG231 is viable in the haploid state and grows as well as the parent strain. Therefore, it seems that the mutational change is well tolerated by the polymerase.
Based on the available data, we propose that the amino acid residue changed by rpoC931 is part of the microcin target site, which would be located within the catalytic center of the polymerase, and that the capacity of this site to bind the antibiotic is prevented or reduced by the change. Alternatively, there is the possibility that the mutational lesion results in a conformational change in the enzyme which affects a distant microcin-binding site indirectly. To us, however, this seems unlikely. It is worth noting that the putative target site for MccJ25 lies within a region spanning amino acids 842 to 1140 (thus containing segment G), which has been shown to be exposed on the surface of RNAP (16) .
If the target site for MccJ25 binding lies in the catalytic center of RNAP, one could anticipate some effect of the antibiotic on transcription. This presumption was confirmed by our observation that MccJ25 has an inhibitory effect on transcription both in vivo and in vitro. RNA accumulation in sensitive cells was 50% reduced within 30 min after antibiotic addition. In contrast, in the SBG231 mutant cells the RNA synthesis remains unaffected. Over the same time period, protein synthesis is virtually unchanged. Only 2% of bacterial RNA is mRNA, and it does not accumulate, since it is metabolically unstable (2) . It is therefore most likely that the decrease in RNA accumulation reflects mainly a reduced synthesis from stable RNA promoters. On the other hand, in vitro transcription experiments show that microcin can inhibit mRNA synthesis from pBR322 promoters. Collectively, these results point to a global effect of MccJ25 on transcription. The question arises as to how the reduced transcriptional activity may account for the division block, leading to the filamentous phenotype, caused by MccJ25. It is relevant to note that E. coli K-12 cells treated with the MIC of MccJ25 form filaments extensively but lose viability very slowly. Even in the presence of MccJ25 concentrations as high as eight times the MIC, the viable-cell count drops to 25% of the initial value only 2 h after addition of the antibiotic (21) . We interpret this to mean that MccJ25 has relatively little effect on cell metabolism, affecting mainly the division process. Cell death probably results from long-term expression of division inhibition, as has been reported for the overproduction of the SfiA (or SulA) protein, a well-known division inhibitor (13) . Taken together, these observations suggest that, by binding to RNAP, MccJ25 might preferentially inhibit the transcription of genes encoding either cell division proteins or regulatory factors required for expression of cell division genes.
It can be argued that RNAP is not the direct target of MccJ25 and that the mutant RNAP confers resistance to microcin by selectively changing the expression of a gene or genes whose product(s) directly confers microcin resistance. In this case, however, a direct action of MccJ25 on RNAP in vitro would not have been expected. Alternatively, MccJ25 could associate with some factor which, in turn, might interact with RNAP to modulate its function. The rpoC931 mutation could then interfere with the binding of this factor to the enzyme. Again, since MccJ25 inhibits RNA synthesis in vitro without special factors, the existence of such a factor seems highly questionable.
The observation that overproduction of wild-type ␤Ј subunits from a multicopy plasmid relieves the mutant phenotype can be explained by assuming that, under these conditions, only a low proportion of RNAPs would contain mutated (resistant), chromosome-encoded, ␤Ј subunits. Enough wild-type, microcin-susceptible, polymerase enzymes will be formed from the plasmid to restore the sensitivity to the antibiotic. In other words, we propose that the ratio of microcin-sensitive to microcin-insensitive polymerases in the polymerase cell pool must be the determining factor in cell susceptibility to microcin J25. It should be noted that a similar phenomenon is observed with rpoB mutants transformed with a high-copy-number plasmid containing a cloned, wild-type rpoB gene (14) . In this case, the presence of the plasmid confers a Rif s phenotype to the otherwise Rif r strains due to the overexpression of the wild-type rpoB gene from the multicopy plasmid. The transdominance of the mutant allele when present in a high copy number would also be consistent with this argument. In this case, in wild-type cells overexpressing the mutant rpoC allele most enzymes would contain mutated subunits and, consequently, should not bind microcin.
Certain antibiotics have been shown to act directly on E. coli RNAP. These are rifampin (10) , which inhibits initiation of RNA synthesis, and streptolydigin (28) , which blocks transcription upon addition to elongating, as well as initiating, RNAP. All known mutations leading to rifampin resistance map to the rpoB gene (reference 14 and references cited therein), while mutations causing streptolydigin resistance have been found in both ␤ and ␤Ј subunits (11, 26, 27) . Recently, rpoB and rpoC mutants of E. coli resistant to a novel aminopolyol antibiotic, zwittermicin A, have been described (32) . However, all of these antibiotics are structurally very different from MccJ25, which appears as the first peptide antibiotic affecting RNAP.
Finally, it is remarkable that only 1 of 100 microcin-insensitive clones selected in our screens (this study and reference 24) carried a mutation in RNAP. In all likelihood, there are additional residues on ␤Ј involved in binding microcin, so it might be expected that other substitutions leading to resistance would have been isolated. One explanation for the infrequent isolation of RNAP mutants could be that some substitutions have lethal consequences and thus may have escaped our screens. We are in the process of generating microcin-resistant RNAP by chemical mutagenesis or by systematically changing 
